A technique has been developed for repeated sampling of cerebrospinal fluid from conscious goats by means of a catheter placed surgically in the subarachnoid space between the sixth and seventh lumbar vertebrae. Uncontaminated cerebrospinal fluid in excess of 1.0 ml could be obtained readily from the cannulated goats several times daily for up to 6 weeks. Cannulated goats did not appear stressed during, and in between, sampling periods.
The cerebrospinal pathway comprises the ventricles of the brain, the central canal of the spinal cord, the subarachnoid space and perivascular extensions of this space (Swenson 1977 , Coles 1980 . Contained within this pathway is cerebrospinal fluid (CSF), which has the function of protecting, nourishing and maintaining the homeostasis of the brain and spinal cord (Swenson 1977 , Coles 1980 . Although CSF can be sampled with little difficulty, such procedures are not routine and are only indicated under special circumstances. In animals, single or repeated sampling of CSF can be achieved through a puncture made into the cerebral ventricles, or at one of two levels of the subarachnoid space; the cisterna magna, or in the lumbar region at a point beyond the termination of the spinal cord (Feldman 1989) . Regardless of the method used, the process of obtaining CSF must be undertaken with great care and must be carried out with physical restraint, chemical sedation or local anaesthesia (Mayhew 1975 , Coles 1980 , Brewer 1987 . General anaesthesia is usually essential, Correspondence to: AS Peregrine Accepted 12 November 1993 especially in procedures which require surgical placement of indwelling cannulae for long-term sampling of CSF from either the cerebral ventricles (Mayhew 1975 , Beal & Bligh 1977 , Hedlund et al. 1977 , Allsop &. Pauli 1985 or the cisterna magna (Falconer et al. 1985) . In the absence of adequate restraint, or when a faulty technique is employed, the nervous system may be traumatized and may result in contamination of CSF (Mayhew 1975 , Coles 1980 , Allsop & Pauli 1985 . In addition, infection may be introduced into the nervous system if the CSF is sampled under septic conditions. It is therefore contraindicated to sample CSF through any area of skin with an existing infection (Coles 1980) . Because of some of these potential problems, experiments requiring repeated sampling of CSF for short or longterm durations are rarely carried out in animals.
With the hope of circumventing such problems, and to simplify the methodology for CSF cannulation, we have developed a safe, rapid and reliable surgical technique for cannulating the subarachnoid space between the sixth and seventh lumbar vertebrae in the goat. The technique Components are shown here after removal from the sterile plastic pack. Key: 1, 18 G Tuohy needle; 2, detachable needle wing; 3, plastic probe in the lumen; 4, catheter guide; 5, graduated radioopaque catheter; 6, closed end of the catheter; 7, cover; 8, 9, upper and lower halves, respectively, of the connector assembly; 10, insert tube areas immediately cranial and caudal to the median sacral crest and the tubera coxae. The longitudinal axis along the lumbosacral spine region was then marked with a straight interrupted line, using a marker pen (Pentel Co., Japanl. Subsequent to anaesthesia and placement of the animal in left lateral recumbency, the line aided in placement of the skin in its normal position in relation to the spinal longitudinal axis.
Routinely, each goat was administered with 0.2 ml of 2.0% xylazine (Chanazine®, Chanelle, Galway, Ireland) intravenously li.v.) to ease induction of anaesthesia. Following premedication, the goats were placed in left lateral recumbency on the surgical table, then anaesthetized using a 5% solution of thiopentone sodium (Intraval®, May &. Baker, Dagenham, England) administered dose-to-effect via the right jugular vein. Immediately after induction of anaesthesia the goats were intubated with a size 8 endotracheal tube [Rosch, Germany) . After connection to an anaesthetic machine (Komesaroff®, Medical Developments Machine PTY Ltd, Sydney, Australia), goats were then maintained in surgical anaesthesia using an oxygen-methoxy£luorane-halothane mixture in a semi-closed system. The four legs of the animals were then tied together to ensure 392 permits repeated sampling of CSF in conscious animals and will therefore be useful for studies on infectious diseases of the nervous system in small ruminants.
Materials and methods

Animals
Twenty-two adult, male, castrated East African x Galla goats were used in the study. The animals weighed 18.3 ± 2.0 (15-22) kg and were fed a concentrate ration (Young Stock, Belfast Millers, Nairobi; 200 g/ animal/ day) throughout the experimental work. The animals were allowed free access to hay and water.
Cannulation apparatus
The apparatus used was the commercially available Epidural Minipack® lPortex, Kent, England; Lot No. 90G 18 AAOl) which comprises a 10.5 em long 18 G Tuohy needle (outer diameter 1.3 mm, inner diameter 1.0 mm x 80 mm) with graduations at the 3, 5 and 7 em levels. The lumen of the needle was guarded by a plastic probe. A detachable plastic wing for ease of handling of the needle during operation was also supplied. The catheter was 90 em long, nylon louter diameter 0.9 mm), and open only at one of its two ends. The closed end, marked with 3 lateral 'eyes', was used for catheterization of the subarachnoid space between the sixth and seventh lumbar vertebrae. The pack also included a transparent tube for guiding the catheter into the needle, and a luer-lock connector consisting of upper and lower halves. The lumen of the lower half of the connector was guarded by an insert tube and a cover was included for closing the upper half of the connector ( Fig. 11 .
Presurgical care
The goats were starved for 24 h prior to beginning the surgical procedure. A rectangular area (40 em xIS cml was then clipped and shaved in the lumbosacral region, with the animal in the standing position. The shaved area included the 2 3 4 Peregrine & Mamman 7 10 the spinal column was in a convex position. The shaved area of skin above the sixth and seventh lumbar vertebrae was then washed with a 1% solution of chlorhexidine gluconate (Savlon®,ICI Pharmaceuticals, Cheshire, Englandl and cleaned with a cotton swab. Sterile drapes were clipped to the trunk of the animal, leaving the surgical area exposed, and strict asepsis was maintained throughout the surgery.
Surgical procedure
Immediately prior to surgery, the epidural Minipack® was unpacked and the different parts identified and assembled. A 5 mm incision was then made into the skin overlying the subarachnoid space between the sixth and seventh lumbar vertebrae ( Fig.2A) . The Tuohy needle, containing the lumen guard, was then inserted into the incision with the curved end orientated in a cranial direction. The winged outer end of the needle was then used to slowly advance the needle in a ventral direction through the tissues. When the 3 cm mark on the needle was at the level of the skin incision, the probe guarding the lumen of the needle was withdrawn. Gradually, the needle was advanced deeper until access into the subarachnoid space was achieved. If anaesthesia was not sufficiently deep, entry into the space was accompanied by short-lasting opisthotonos. The appearance of clear normal CSF at the outer end of the needle indicated a successful cannulation (Fig.2B) . Immediately after appearance of the fluid, the catheter was inserted rapidly through the needle into the subarachnoid space ( Fig.2e ). Care was taken to ensure that the correct end of the catheter was used for the catheterization. After approximately 7 cm of the catheter had been introduced into the space, the needle was carefully withdrawn, leaving the catheter in place. A pair of scissors was then used to cut off the excess portion of the catheter so that approximately 8 cm remained outside the incision site. The outer tip of the catheter was then positioned in the connector assembly, to a level just above the stop washer in the connector's lumen. The upper and lower halves of the connector were then twisted securely, but not too tightly, to fasten the catheter. At this stage, a sterile 1.0 ml syringe (Plastipak®, Becton Dickinson, Dublin, Ireland) was used to obtain a reference CSF sample [Fig.20) . The white screw-cover was then used to close the outer end of the upper half of the connector.
In order that the catheter should not be accidentally pulled or damaged by the goat when conscious, a rectangular sheet of elastoplast (Leukoplast®, Beiersdorf AG, Hamburg, Germany), measuring approximately 8 x 6 cm, was placed on the shaved skin, immediately cranial to the cannula insertion site. The connector was then placed on the elastoplast in a cranial orientation, and another, but smaller (6 x 4 cm), piece of elastoplast used to affix the connector to the underlying elastoplast [ Fig.2E ). The two sheets of elastoplast were then jointly sutured to the skin area using approximately six silk 2-0 (Supramid®, B. Braun, Melsungen AG, Germany) sutures. In this way, the connector was fixed semi-rigidly in position.
For each goat, the total time taken for
Peregrine & Mamman the entire cannulation procedure varied between 30 and 60 min. At completion of the procedure, each goat was treated intramuscularly with oxytetracycline (Duphacycline LA®,Duphar, B.V., Amsterdam, Holland) at a dose of 20 mglkg body weight. An oxytetracycline spray (Terramycin®, Pfizer Ltd, Sandwich, England) was also applied to the incision area. Generally, following some degree of ataxia, goats were able to stand and resume feeding within I h of the operation. Thereafter, the animals were housed communally. Goats did not interfere with each other's catheter assembly, presumably because the associated irritation caused animals to move away from each other.
Sampling procedure
Sampling was carried out with the aid of an assistant restraining the goat in a standing position. The operator's hands were cleaned with a solution of 70% alcohol, before removal of the connector cover. Using a sterile 1.0 ml syringe (plastipak®, Becton Dickinson, Dublin, Ireland) tightly fitted to the mouth of the connector, the desired volume of CSF was then gradually aspirated. When the flow of CSF was compromised, infusion of 0.2 ml of 200 IUIml of sterile heparin solution (Novo Nordisk, A/S Bagsvaerd, Denmark) in sterile distilled water at 27°C into the catheter was found to restore the flow. At completion of the sampling, the connector cover was returned into position, but without overtightening. At the termination of an experiment, goats were administered 0.2 ml of 2.0% xylazine i.v. 3-5 min prior to the removal of the cannula. With the goat restrained in a standing position, the cannula was easily removed from the intervertebral space by a single rapid movement.
Results
Eighteen out of the 22 goats were cannulated successfully using the procedure described. One of the four other goats died immediately after induction of anaesthesia. In two others, clots of blood occluded the lumen of the Tuohy needle and further attempts to gain access to the subarachnoid space using new needles were futile. In a fourth goat, the cannulation was of limited success because flow of the CSF ceased when the goat was still on the surgical table.
Cerebrospinal fluid samples in volumes of 0.5-1.0ml [or more) were readily obtained for up to 42 days from goats when sampled once daily. Similar volumes could be obtained several times within a day when an interval of 5-10 min was allowed between sampling. Cannulated goats appeared and behaved normally and did not show signs of discomfort.
Although rarely observed, the main problem encountered in the study was cessation in the flow of CSF. Often, however, this was overcome by infusion of 0.2 ml of 200 IU/ml of heparin solution through the catheter, just prior to sampling. In some cases, the flow was intermittent with cessation of flow spanning a few days. When catheters from such animals were removed and examined, no visible damage or obstruction could be demonstrated. Restriction in flow may have been due to the presence of fibrous adhesions induced during the process of entry into the dural and subarachnoid spaces (Mayhew 1975 , Falconer et ai. 1985 . Occasionally, cytological examination of CSF from freshly cannulated animals indicated the presence of erythrocytes. This, however, was usually confined to the first few days following surgery.
Discussion
The technique described in the present study permits collection of CSF from conscious goats by means of a catheter placed surgically in the subarachnoid space between the sixth and seventh lumbar vertebrae. Once in place, CSF in volumes of 0.5-1.0 ml (or more) could be collected once or several times daily, for 3-6 weeks. The catheterization procedure utilizes an inexpensive commercially available epidural cannulation pack and is completed within 1 h. It is therefore considerably easier than earlier-described techniques for collection 395 of CSF which require expensive equipment, and take several hours to cannulate the cisterna magna [Pappenheimer et ai. 1962 , Falconer et a1. 1985 . Convulsions and leg paralysis are also problems that have been associated with previously described cisternal or lumbar cannulation methods (Allsop &. Pauli 1985 , Falconer et a1. 1985 . Furthermore, due to formation of extensive subarachnoid fibrous adhesions, such techniques have proved unsuitable for longterm studies (Pappenheimer et a1. 19621. Such side effects were not associated with the present technique, and sampling of CSF could be carried out for up to 6 weeks without causing any apparent stress to the animal. This is almost twice as long as that reported by Falconer et ai. (1985) for a cisterna magna cannulation technique in sheep. Finally, the technique described here has also circumvented the problem of CSF contamination with blood, which is frequently encountered with other methods [Strain et a1. 1984 , Allsop &. Pauli 1985 .
The described technique is particularly suitable for studying concentrations of endogenous substances, or therapeutic compounds in the lumbar CSF of healthy and diseased animals. To this end, it was used successfully to examine the CSF from 7 goats infected with Trypanosoma congolense for the presence of trypanosomal antigen; each animal was sampled once daily for 3-6 weeks (Mamman et a1. 1994). In view of the comparative advantages of the cannulation procedure described, the technique could have many applications for studies on the CSF in small ruminants. Since the catheterization apparatus is available in many sizes, the technique could also readily be applied to other animal species.
